Background. Analysis of time trends in cancer incidence provides an estimate of the burden of cancer in a certain population and is a useful tool for planning cancer control. Identification of changing epidemiological patterns in cancer is crucial in formulating future healthcare clinical tools, evaluating prognostic and therapeutic models, and generating new hypotheses on disease aetiology and prevention.
INTRODUCTION
Cancer control is a term that encompasses all elements of prevention, early detection, treatment, rehabilitation and palliation. The World Health Or ganization recommends that cancer control activities are best planned and delivered through a national cancer control plan, and notes that population-based cancer registries are a core component of cancer control strategy (1) .
Information on cancer is available for analysis from individual cancer registries and from the International Association of Cancer Registries. The Cancer Incidence in Five Continents series, started in the 1960s, bring together incidence data meeting acceptable quality criteria from population-based cancer registries throughout the world. The aim of the series is to make available data on cancer incidence for comparison from as wide a range of geographical locations as possible. This is the classical role of descriptive statistics: to allow formulation of hypotheses that might explain the observed differences (geographically, over time, in population subgroups) and that can be tested by further studies (2) . Classically, such descriptive studies are said to be 'hypothesis generating' -providing clues to aetiology, to be followed up in studies that focus on specific risk factors (3) .
Cancer registries are a vital source of information on cancer epidemiology and cancer services. The idea of recording information on all cancer cases in defined communities dates from the first half of the twentieth century. Originally, cancer registries were concerned with describing cancer patterns and trends, and later on, many were able to follow up the registered patients and calculate survival. In the last 20 years the role of registries has expanded further to embrace the planning and evaluation of cancer control activities, and the care of individual cancer patients (3) .
The most basic function of a cancer registry in relation to cancer control is to assess the current magnitude of the cancer burden and its likely future evolution. Various statistics are available for assessing the "burden" of cancer, and of different types of cancer, in the population. Incidence is clearly a fundamental measure for this because it describes the stream of new cases that will require some kind of medical attention. It is the relevant measure when considering (primary) prevention the objective of which is to prevent disease occurrence. Measurement of incidence is the most basic function of population-based cancer registries (4) .
In this paper, we present an analysis of longterm trends of cancer incidence in Lithuania using modern statistical methods of trend analysis. Analysis is based on data from the populationbased Lithuanian Cancer Registry which contains data on the incidence of cancer in Lithuania since 1978.
MATERIALS AND METHODS

Cancer registry
The Lithuanian Cancer Registry is a populationbased cancer registry which contains personal and demographic information (place of residence, sex, date of birth, vital status), as well as information on diagnosis (cancer site, date of diagnosis, method of cancer verification) and death (date of death, cause of death) of all cancer patients in Lithuania, where population size is around 3 million residents according to the 2011 census (5) .
The national Cancer Registry was founded in 1984, but collection of the data on cancer incidence has already started in 1957. In 1993, the Lithuanian Cancer Registry became a full member of the International Association of Cancer Registries (IACR) in Lyon, France. Since the period 1988-1992, the Registry data have been included in 'Cancer Incidence in Five Continents' (6) .
The principal sources of information on cancer cases are primary, secondary and tertiary health care institutions in the country that are responsible to fill in the notification when cancer is diagnosed. All physicians, all hospitals and other institutions in the country must send a notification to the Lithuanian Cancer Registry of all cancer cases that come to their attention. Some pathological laboratories send the respective laboratory notification automatically extracted from laboratory data systems, using a standard format. The notifications, supplemented by death certificate information, are built into a database suitable for statistical use. This database contains information on all cancer cases diagnosed in Lithuanian residents since 1978.
In the current analysis, patients diagnosed with cancer in 1991-2010 were considered. Cancers were classified according to the 9th (up to 1997) and the 10th (from 1998 onwards) editions of the International Classification of Diseases.
Statistical methods
We calculated crude rates (CRs) and age-adjusted incidence rates (ASRs) for four periods (1991-1995, 1996-2000, 2001-2005 and 2006-2010) by sex and cancer site. Adjustment for ASRs was done using the European standard population, where a total of 18 age groups were considered, each of 5-year bands starting from 0-4 years to 85 and older. Additionally, the annual percent change (APC) was calculated for trends by means of the generalized linear model using the Joinpoint Software, Version 3.4.3 (7). The Joinpoint Regression Analysis allows identifying the best-fitting points ('joinpoints'), where a significant change in the linear slope (in a log scale) of the trend is detected. For each of the identified trends, we also fit a regression line to the natural logarithm of the rates using a calendar year as a regression variable. 95% confidence intervals for APC were calculated as well. Annual percent changes were considered statistically significant if p < 0.05.
RESULTS
The most common cancer sites for men and for women in the periods 1991-1995 and 2006-2010 are shown in Fig. 1 . Among men, in 2006-2010 the most common cancers were prostate (34%), lung (14%), non-melanoma skin (8%), stomach (6%), rectum and anus, as well as colon (both 4%), while among women cancer of breast (18%), nonmelanoma skin (16%), corpus uteri (7%) and cervix uteri (6%) comprised almost half of new diagnosis. The most striking changes in cancer incidence are seen in men, where number of prostate cancer cases dramatically rose from 8% in 1991-1995 to 34% in 2006-2010, as well as proportion of lung and stomach cancer dropped almost two times during the analysis time.
Number of cancer cases, crude and age-standardised incidence rates for selected cancer sites in four periods (from 1991-1995 to 2006-2010) are presented in Tables 1a and 1b, for men and women, respectively. In total, there was 260,659 primary cancer diagnosis (non-melanoma skin cancer Brain, nervous system C70-C72 (-19.9 ) and for stomach (-14.3) cancer. Among women, more than 2-fold rise in ASR was seen for thyroid cancer (+11.1 units). Breast cancer incidence rose by +18.1 units, while the biggest decrease in ASR among women was seen for stomach cancer (-6.5 units).
Annual percent change with 95% confidence intervals for selected cancer sites in the period 1991-2010 and in line segments selected by the Join point Regression Analysis is shown in Tables 2a and 2b , for men and women, respec tively. For all cancer sites combined (non-mela no ma skin cancer excluded) incidence rate during the study period increased significantly for both sexes and was more expressed in men, where APC rose by 2.4 and 1.3% per year in men and in women, respectively. Cancer incidence during the study period in creas ed significantly in 13 out of 20 cancer sites in men and in 12 out of 22 in women. The significant decrease in cancer incidence was observed only in 5 and 2 cancer sites for men and women, respectively.
The site-specific results of the Joinpoint Regression Analysis of cancer incidence in men showed continuous increase without any changes during 20 years for cancer of colon, rectum and anus, brain and nervous system and thyroid, as well as melanoma of skin, testicular cancer, nonHodgkin's lymphoma and multiple myeloma. The most rapid increase in incidence was observed for prostate cancer, overall by +11.7% per year. Incidence rose by +22.5% between 2001 and 2007, but increase was seen before 2001 as well, by +8.1% per year. Strong decrease though not significant was seen for prostate cancer incidence from the year 2007. Continuous decrease in cancer incidence among men was observed for lung and stomach cancer, and for Hodgkin's lymphoma (all statistically significant).
Trends in cancer incidence among women had changed only for few cancer sites during the period of analysis, and these are cancers of kidney, bladder and thyroid, as well as cervical cancer. The incidence of cervical cancer levelled off in 2004, where increase by +2.9% per year was seen prior and slight insignificant decrease was seen afterwards. Overall, APC of thyroid cancer was the biggest among women (+8.5% per year), but statistical rise was seen just before 2000, afterwards increase was not meaningful.
Incidence of all cancers combined statistically increased among men from 1991 to 2007 and then meaningful decrease was observed. No such pattern was observed among women, where incidence of all cancers combined increased during all the observation period.
Age-standardised incidence rates and regression lines fitting these rates for selected cancers are demonstrated in Fig. 2 . The strongest increase in cancer incidence is clearly visible for prostate cancer with the peak in 2007, and at the same time, increase for all cancers combined was observed among men. A small gap between age-standardised incidence rates of colon cancer between men and women was notable in 1991, and it became wider in 2010 with colon cancer being more common in men than in women.
DISCUSSION
We analysed trends in cancer incidence in Lithuania between 1991 and 2010 based on data from the population-based Lithuanian Cancer Registry and found an increase in cancer incidence for almost all cancer sites with a few exceptions in two decades for both sexes. Based on 2012 data, the estimated age-standardized incidence rate for all cancer sites combined is slightly higher for men in Lithuania than in Europe, while these estimates are very similar for women (8) .
In the 90s, lung cancer was the most common cancer diagnosis among men in Lithuania. The incidence rate in Lithuanian men is quiet high and similar to those obtained in other Central and Eastern European countries (8) (9) (10) . Decrease in new lung cancer diagnosis was seen in many European countries, particularly in Northern and Western areas (8, 9, 11) , and was likely associated to decrease of smoking prevalence among men (12) . Another site with decreasing incidence in most populations in the world is stomach cancer (13), nevertheless, incidence rates in Lithuania are still markedly higher than those in Western or Northern Europe (8) . The decrease in incidence in Lithuania was also observed, but reasons for this worldwide decline in incidence are not fully understood, and are partly explained by changes in diet, reduction in chronic H. pylori infection due to improved hygiene and use of antibiotics (14) (15) (16) . Currently, prostate cancer is the most frequent cancer among males in Europe (17) , as well as in Lithuania. Increasing incidence of prostate cancer was observed in other European countries, where prostate-specific antigen (PSA) testing has become widespread (18, 19) . It remains unclear to what extent the rising trends in incidence rates could be attributed to an increased risk of developing this tumor or to an overdiagnosis due to opportunistic screening practices. In Lithuania, PSA testing is offered to healthy asymptomatic men as a screening test in the population-based Early Prostate Cancer Detection Programme since 2006. The extra ordinary rise of prostate cancer incidence in Lithuania following introduction of PSA screening was observed (20) , and there is strong evidence that these changes are the result of increased detection rates, especially in men of eligible age for screening (20, 21) . Such a huge number of newly diagnosed prostate cancer cases heavily influenced overall cancer incidence changes in male population.
Breast cancer is the leading cancer site in Europe among women, but incidence rate in our country is lower. In 2012 in Europe the estimated ASR was 94.2 per 100 000 women (8) . Although the breast cancer screening program was started in Lithuania in 2005, our results have not found any changes in cancer incidence trends yet. Despite of the presence of the breast screening program in some countries, the differences of breast cancer incidence in Europe are likely due to variations in external risk factors across populations, such as age at birth of the first child and low parity (22) .
Rising incidence of colorectal cancer might be due to changes in people eating and behaviour habits. Obesity, physical inactivity, smoking, heavy alcohol consumption, a diet high in red or processed meats, and inadequate consumption of fruits and vegetables, are also factors associated with economic development or westernization (23) . Lithuania is not a long-standing economically developed country and we expect to see further increase in colorectal cancer incidence. What is more, the screening program based on the faecal occult blood test was started in Lithuania in 2009 and it is still too early to see the impact on incidence.
Possible stabilization in changes in cancer incidence might be seen for bladder cancer. Sig nificant rises of ASRs were seen until 2001 and 1999 in men and women, respectively, with no meaningful changes later on. Bladder cancer is becoming rarer in Western communities over the last decades (24) and we could expect the same changes in the future in Lithuania. This stabilization in cancer incidence is partly due declines in the smoking prevalence together with reduced occupational exposure to carcinogens (12) .
Cervical, endometrial, and ovarian cancers are relatively common, and cause significant cancer morbidity and mortality worldwide. In Lithuania, the incidence of cervix and corpus uteri cancers increased slightly during the study period and was stable for ovarian cancer. Cervical cancer trends in a given country mainly depend on the existence of effective screening programmes and time changes in disease risk factors, notably exposure to human papillomavirus (25) . An organized screening program for cervical cancer using the Pap smear was started in Lithuania in 2004, however, inciden ce of invasive cervical cancer did not start to decrease in recent years. Endometrial cancer affects postmenopausal women almost exclusively. Endometrial cancer risk has been previously associated with several host factors, including high body mass index, nulliparity or low parity, early age at the first birth, history of type 2 diabetes mellitus (noninsulin dependent), and family history of cancer, particularly endometrial cancer (26, 27) . The aetiology of ovarian cancer is not well understood. Established risk factors for ovarian cancer include age and having a family history of the disease, while protective factors include increasing parity, oral contraceptive use, and oophorectomy (25) . Many of the causes of ovarian cancer are yet to be identified. Additional research is needed to better understand the aetiology of this disease.
Improvements in diagnosis may contribute to the rising incidence of kidney and thyroid cancer. It is known that thyroid cancer is more common among women (28) , but increase in in cidence among men is also observed which is most likely due to new diagnostic technologies (29) . Considering kidney cancer, both incidence of late-stage renal cell carcinoma and mortality have also been increasing, implying that risk factors are contributing to this upward trend (30, 31) . Among this cancer risk factors there are not only life-style risk factors like smoking, diet and obesity, use of some drugs etc., but environmental risk factors like occupational exposure to different chemicals, radiation, renal dialysis as well, participating probably in the aetiology of kidney cancer.
While considering haematological cancers, incidence in Lithuania had the same trends as in most European countries, where incidence of nonHodgkin's lymphoma rose between 1% and 5% per year in both sexes in most European countries, alongside a decrease in Hodgkin's lymphoma (32) . The reasons for these trends in non-Hodgkin's lymphoma and Hodgkin's lymphoma incidence are still largely unknown.
This analysis in time trends for cancer incidence provides an estimate of the burden of cancer in a certain population which is a useful tool for planning cancer control. Identification of changing epidemiological patterns in cancers is crucial in formulating future health care clinical tools, evaluating prognostic and therapeutic models, and generating new hypotheses on disease aetiology and prevention.
CONCLUSIONS
This up-to-date analysis provides a basis for establishing priorities to cancer control actions in Lithuania. These results show the increase in incidence rates in Lithuania of all cancers combined among both sexes. Trends in cancer incidence rates for males were heavily influenced by trends in prostate cancer which is the most common cancer among men. With the major exceptions of male lung cancer and stomach cancer in both sexes, in the last two decades cancer incidence has increased in Lithuania for most cancers. Increasing cancer incidence requires targeted interventions on risk factors control, early diagnosis, and improved management and pharmacological treatment for selected cancer sites.
